This study provides insight into the seasonality of Club5 I price differentials in the southeastern dairy industry. This is accomplished by iinalyring rnonthly estimates of Class I price differentials obtained from the i~n p~~t e d price solution or dual solution of a generalized capacitated lninirnum cost network f l o~v model of the dairy industry. A smooth seasonal pattern emerges through the monthly sequence with the lowest and highest estimated Class I price differentials occurring in April and September respectively. Miami and Jacksonville areus reach $ 5.40 and $ 4.36 per hundredweight in April and $ 6.79 and $ 5.53 per hundredweight in September.
K e y Words: dairy. Southrust, Class I d~jfermtiuls, nrtw~ork/fo~i. /nodel, pricing, rnurketing Several factors. including \easonal production, seasonal consumption. and the geographic isolation of the Florida peninsula, affect the marketing of milk in the southeastern United States. Milk production peaks in the spring and early summer due to breeding patterns and weather conditions; moreover, consumer preference results in the lowest milk demand in the summer. These inversely seasonal factors 710n. drive deficit and surplus patterns in the reg ' Because of milk's perishability. potential disease carrier characteristics. and past disorderly marketing conditions, the dairy industry is one of the most regulated agricultural industries by federal and state programs in the United States. The Federal Milk Marketing Carlos E. Te.;t~u.i is a former graduate student in the Dairy and Poultry Science Department at the University of Florida and Richard L. Kilmer Order (FMMO) agreement is a complex set of rules regulating the price of milk between producers and processors. Particularly, it establishes a classified price support system for milk according to its use. The price for the milk used as fluid milk. the Class I price, is the highest milk price. This price is calculated as the sum of a monthly determined nationwide basic component, the Basic Formula Price (BFP), plus a stated time invariant Class I price differential that varies geographically. These differentials are intended to "pay" for the cost of transporting milk from surplus to deficit areas and establish a price incentive over milk destined for manufacturing.
When the FMMO regulation was implemented. isolated markets existed in areas that included a major city and milk seldorn moved across these markets (Bailey) . That situation changed. however, after technological advances in transportation and storability. Formerly separated markets started to interact and overlap. Consequently, price differentials started to (Kilmer, D e L o r e n~o , Rahmani) . During the deficit phase import5 from nearby markets are used to augment local production. In some years imports must be obtained from distant tnarkets when nearby mark e t s f a c e the s a m e stage. Also, t h e Southeastern market has high Class 1 utilization, ranging from 70 and 9 0 percent, compared with the FMMO market average of between 35 and 55 percent (USDA. 1998).
Consequently, for this region, higher-than-average differential values are expected during the year and even higher during the deficit phase of the year.
In 1999, a set of amendments was introduced to the F M M O agreement (USDA, 1999) In orcler to accomplish the Federal Agriculture Itrlprovement a n d R e f o r m A c t of 1 9 9 6 (USDA, 1996) . At the same time a new formulation of the Class 1 price differentials was proposed to eliminate market inefficiencies that were generated by discrete adjustments and changes in the market since its previous establishment in 1986. The newly proposed price differential surface is based upon an economic model of the dairy industry (Pratt, et 
1997).
Several studies have addressed the spatial organization of the dairy industry. Snodgrass and French did an early study (1958) . Riley and Blakley analyzed the impact on the fluid milk industry of optiotial pricing schemes and structural changes on producer prices and revenues and 011 consumer prices and expenditures by using a general spatial ecl~lilibrium model of the fluid milk industry (Riley and Blakley) .
In the late 1970s, Babb et al. and Novakovic et al. designed and developed a dynamic model to simulate the dairy industry under cost-minimization criteria (Babb, ct a/.; Novakovic, et (11.) . The model was specified as a sequence of transshipment problems rninimizing the cost of significant market activities, where producers and consumers are modeled with short-run supply-and-demand functions.
A detailed analysis of the spatial organi~a t i o n of the U.S. northeast dairy industry was done by Pratt er (11. in 1986. A transshipment model of the dairy industry was used to analyze the least-cost spatial organization of past and forecasted activity of the sector. Different scenarios were used to evaluate potential production facility locations and their overall cost impact.
In 1989 Schiek and Babb used a network model that minimizes the cost of interregional movements to analyze the impact of reverse osmosis on Florida markets.
In 1997 a highly detailed spatial tilode1 of the U.S. dairy industry was developed (Pratt, et crl.) as a direct descendant of previous works (Novakovic, et 01.; Pratt, et (11. 1986 ). Formulated as a single time period transshipment model. it models production, processing, and consu~nption sectors in a processing and transporting cost-minimization problem. The model is highly partitioned in spatial and structural aggregation. which allows high precision response. however, with considerable effort in parameter specification. The resulting dual solutio11 or shadow prices were used to estimate Class I price differentials under model assurnptions. From the analysis of two model solutions (May and October 1995), it was concluded that the model estimates indicate several discrepancies with actual differentials (Pratt, et (11.) .
The main objective of this study is to obtain insight into the seasonality of the price components of milk and milk products related to transportation costs in the southeastern dairy industry. This is acconiplished by estimating monthly Class I price differentials from the solution of a dairy market model that establishes the monthly spatial transportation price component variation of products among production, processing, and consumption sectors. Specifically, the differentials are estimated from the dual solution of a minimum cost capacitated-generalized network flow model. The model is an extension of the work done by Pratt et 01. (1997) . It gives a dynamic application to a static model, incorporates processing capacities, is run monthly h r 1997. and highly disaggregates the southeastern dairy industry in the US.
Model Framework
Since the model is specified as a network flow problem formulation and related properties, it is described by using a general framework first and its details are introduced later.
Define a general network consisting of a set of nodes N and a set of arcs A, where a directed arc is an ordered pair (i, , j ) of distinct nodes. Associated to each node i there is a quantity h, that represents the amount that enters or leaves the network from the environment. If h, is positive, the node i is called a sourc;e and h, is the amount supplied; i f 13, is negative, the node i is called a sitik and [ / I , [ is the amount demanded: otherwise, h, is zero and the node i is denominated as a trunsient node.
The minimum cost network flow problem may lhen be formulated algebraically as The dual problem may be visualized as a competitive assignment of prices to each node in such a way that the revenue associated to the resources is maximized. The fundamental dual theorem of linear programming states that its optimal value of the objective function o f the dual problem is equal to the optimal value of the objective Function in the primal (Intrilligator, p. 82).
Furthermore, the aggregated problem can be interpreted as a market ecluilibriurn problem. where the nodes are associated with the markets and the dual variables with the equilibri~rm price at each node. The system of primal equations, dual constraints, and its associated complementary slackness conditions without minimization or maximization operators defines the market equilibrium problem (Takayama and Judge).
Dl~~llitv
Multiple Optitnnl So11~tion.r
Duality is a property of algebraic structures which states that in a given system two concepts are interchangeable, asserting that results applicable in one formulation. called the prirncll, also holds in its associated other problem. the dual. Associated with each linear programming problem, the primal, there exists another problem called the dual. Following a technique similar to the Lagrange multiplier method. the dual problem is specified by associating a price variable with each constraint in the primal. A solution that allows the constraints to not affect the optimum is then obtained for all prices. Also. this price or dual solution can be obtained by solving a new linear programming problem, the dual of the original problem.
At the network problem forniulation, define a dual variable pi associated with each constraint. The final values of these prices provide an optimal valuation of the resources in the primal constraints. By applying dual construction rules to the network problem the network dual problem is It is well known that the network flow problem is a mernber of a class of linear pr-ogram~n i n g problems known as tt-cr~lsportution proh1em.v. W h e n a transportation problem is balanced, that is the sum of the quantity supplied (available) is equal to the quantity demanded (required), then the solution to the primal problem i s degenerate a n d the corresponding dual has multiple optimal solutions. T h e presence of multiple optima in the dual problem presents a problem regarding economic interpretation of the dual variables (the shadow prices of the supply-and-demand constraints.)
For the dual network formulation, given a constant k, if ( p , , . . . , p,,) is a solution then ( p , k , . . . , p,,k) is also a solution. This result can be verified by first substituting the translated solution for the original solution into the dual problem: 
hence This property allows one to modify the dual solution by a constant without affecting optimality. This implies that adding a constant to the imputed price solution does not affect dual feasibility or optimality. Consequently, there is an infinite number of imputed price solutions for this problem; these solution components are related to each other by a constant across solutions. This states the relative nature of the imputed price solution fc~rmulation in a network: problern. On the whole, the imputed price solution is distinguished by the relative dispersion of its components rather than by its absolute v. ' 1 l ues.
Sen.citi\lity of the Inll~utecl Price Snlution
Associated with each constraint in the primal formulati011 is a dual variable called its inzputvd price. This impittecl price provides a measure of the change in the optimal value of the objective fitnction associated with a unitary change in its corresponding constraint resource. It provides a sensitivity measure of cost with respect to a change in the right-handside value of 11 constraint. If a unit change is applied to any constraint resource, an equivalent and opposite change has to be correlated to one or more other constraints in order to satisfy the law of flow conservation. In the network formulation problem. select t w o nodes s and d that increase its supply h , and demand h,, by E units respectively, so they change to h , + E and h,, -E. Then, the total change in cost can be analyzed by applying the change to the dual problem. whose objective function changes frorn Therefore. the resultant cost change is equal to the unit change times the difference between the imputed prices. It is then concluded that the marginal cost of shipping an additional unit between any two regions is equal to the difference of their respective imputed prices.
Model Forrrlulution: A Special Clisr o g the Generalizetl Network Flori Problem
The dairy market includes several non-homogeneous products that are constituted from the same components. Raw milk flows from the production to the processing sector and milk products flow from the processing into the consumption sector. As a result, product transformations take place at the processing sector. These transformations are formulated in the model as three unit conversions; one from raw milk into its components, another from coniponents into interplant products, and the third from components into final products.
These unit conversions categorized the tinal model as a generalized network flow problem, where the law of flow conservation is questioned. However, the unit conversions are stated in a way that the material balance or law of flow conservation is still valid for milk components. Therefore, the actual model fort n~~l a t i o n can be reduced to one with milk components alone. Consequently, it can be deduced that all the network-flow-problem properties previously stated are valid for this gerleralized network-(low problcm. Er,onomic,s, Dc.c~c~tnhet. 2001 The Empirical Model ' The framework structure of the rnodel is the transshipment problem formulation. Economic activity at production (farms), processing (plants), and consumption (markets) dairy sectors is modeled in a transportation-cost minimization problem by using a linear progratnming formulation. Milk and milk-products are modeled as flowing through the network of production, processing, and consumption activities in terms of its milk components. Regions, which were designated with representative locations, are used to tielineate the geographic distribution of activities aggregated into state and county levels. Actual economic activities were specifically assigned to each modeled region.
Jourtlrrl c!f'A~ric.iiltl~rul trnd Applied
Milk products which reach the consumption sector are classified in five categories: fluid milk products (FM): soft products (ST); cheese products (CH); butter products (BT); and condensed, evaporated, and dry products (PD). Creatn (CR), skim niilk (SK), and nonfat dry milk (NDM) model the exchange of dairy interplant products in the processing sector. Fat and solids-not-fat (SNF) were established as the components for raw-milk and rnilk products, and they are ~~s e d to establish material balance on the conversion of rawmilk intv different rnilk products.
The rnodel prirnal solution represents the efficient allocation of milk and milk products among the activities in terms of transportation efficiency. Its associated dual solution or itnputed price solution depicts the transportation composition price valuation to each activity for a given rnilk product and region.
Algebraic Formulutiotz
Entities-r.g. regions. final products, etc.-included in the model are defined as sets. An upper-case character and its lower case are used to identify a set and its index respectively. Also, an index prime notation is used for subsequent appearances of the set in a given expression.
The objective function to minimize is specified as The parameters in the model are named using a regular font style as Ascost,,, Assembly cost of raw milk from production region i to processing region J . IntCost,,.,,, Shipment cost of interplant product n from processing regionsj to processing region j', DistCost,,,,, Distribution cost of final product 17 from processing region , j to consumption region k, RMSup,, Raw milk supply at production region i, RMComp,,, Raw milk composition in component c at production region i, IPComp,,,, Interplant product n composition in component c, DemComp,,,,, Final product p composition in component (. at consumption region k, DemQty,,,. Demancl of final product 17 at consun~ption region k, a, Operating reserve [actor at production regions for manufactured products, p, Ratio between interplant products and FM tinal products, PlantCap,,,, Processing capacity for tinal product I> at region j.
Decision variables in the model are named using italic font style as duction region I to processing region j which will be used for final product p, Rec,,,,, A~nount of component c' received to be used for tinal product 17 at processing region J , I t l t ,,,,,,,,, Amount of interplant product n \hipped from the final product p at proces\-ing region J to final product 17' at processing region j ' , Proc.,,,,, Amount of component ( used in the product~on o f final procluct p at processing region ,j, and Di.st,,,,, Amount 01' final product p shipped from p r o c e s h g region j to consumption region k.
Expression (1) states the objective of the problem-minimi~e the sum of all transportation cost. This is a linear formulation of the decision variables that represents transportation cost among regions on a per-unit basis.
The objective is composed by the costs associated with each of the shipments among the production, processing, and consurnption activities. Each of these terms is expanded for <'Ions. all possible combination of incorning re,' outgoing regions. products, and inter-plant products.
Raw milk production is modeled with expression (2). These constraints establish for each region that the total shipment\ of raw milk outgoing a region must not be greater that the total available at the region.
The reception of milk components at a processing region is designed with expression (3). For each processing region and linal product destination, the set determines the amount of components contained in the raw milk, and it establishes that the amount coming into the processing region must not be greater than the total amount of each component received.
Interplant transfers among regions are modeled with the set of expressions (4). These constraints establish the flow balance at the processing regions. For each processing region and final product destination, the set states that the amount of each component, either from raw milk or inter-plant products, entering the region must not be l e~s than the amount leav-A.s,,,,, Amount of raw milk shipped from pro-ing the region.
The processing of final products at processing regions is modeled with the set of expressions (5). For each processing region and final product destination, the set determines the amount of the final product, and it establishes that the amount of each component leaving the processing region must not be less than the total amount in terms of final product outgoing the region.
The clistribution of final products at consumption regions is modeled with the set of expressions (6). For each consumption region and final product destination, it states that the total amount of final product shipped into the region must not be less than the amount of the final product consunled.
An operational requirement is established at the assembly of raw milk with the set of expression (7). These constraints establish for each production region i that at least an a = 0.15 proportion of the total shipments of raw milk leaving a region must be destined to either a BT or PD final product processing regions. This requirement reflects the actual procewing of raw milk for manufacturing purposes even in fluid milk deficit regions.
A weight balance requirement is established at the processing regions with the set of expression (8). These constraints are necessary because not all milk components are ~~s e d in the model. Therefore, they ensure that, on a weight basis, a processing region accomplishes reality. Particularly, the control is applied to FM processing regions were there is not a weight reduction due to processing. The constraints establish a requirement of n o more than a proportion ((3 = 0. I ) of interplant proct~icts to final products at FM processing regions. For instance. the weight of interplant products that leaves an F M processing regions must not exceed one-tenth o f the fluid milk product leaving the region.
Processing capacity constraints are established by expressions (9a). (9b) and (9c). The requirement (9a) establishes capacity constraints for final products ST, CH and BT at the processing regions. The sets of expressiorls (9b) and (9c) establish capacity constraints for tinal products FM and PD. and they include the outgoing interplant products C R and S K in the FM final product capacity and the interplant product NDM in the PD final product capacity account respectively. Non-negativity constraints are established by the set of expressions (10). These constraints establish the direction of How from procluction through processing ro consumption region by imposing the non-negativity requirement, because negative values would mean backward or inverse shipments; these are not allowed in the formulation. The production sector is modelecl as the aggregation of raw milk production in each region. The processing sector is designed as the aggregation of the processing facilities for each milk product in each region. Consequently, in a given region there are as many processing sectors as milk pn)ducts. Its processing capacity is assumed invariant during the year. Moreover, the average annual ratio between product throughput and capacity is approxinlately one half for each milk product (Testuri) .
The consumption sector is modeled as the aggregation of milk product consumption in each region. Usually there is milk product consumption for each region, since it is estimated from the region's population. Because of the lack of definitive infimnation about consumption, the estimated consunlption of each product class was accomplished by using information on production, population, consumption trends, net foreign trade, and net stock change. Levels in foreign trade and stock are modeled as consulnption of a specific class of products without an explicit representative geographic region. Since the model's balance requirement between supply and demand is stated in terms of co~nposition of raw milk supply and milk products, demand quantities-the most uncertain figures-were adjusted to satisfy the equalizing requirement of co~nposition for each month.
Trunsportcltiorz Costs
Three main types of transportation cost were nodel led ainorig regions for the different classes of products. They are assembly cost of raw milk from production to processing regions. the shipment cost of interplant products among processing regions, and the distribution cost of fnal product from processing to consumption regions.
Transportation costs were assumed to be a linear function of product weight. Furthermore. unitary transportation costs (per unit of weight) between regions are a function of the distance between them and the transportation labor cost associated with the departure region. Unitary transportation costs involving distance (Pratt. et al. 1997 ) and a wage labor index were established for milk assembly, interplant shipment, and final PI-oduct distribution. The labor index rnodels the variation of labor costs atnong the regions.
Results
Twelve monthly instances of the model were evaluated for 1997. In the model context. the sel of imputed prices defines the solution to the dual problem. The imputed price solution provides a measure of the change in the objective'h optimal value associated with a unitary change of the constraint resources. Imputed prices can be established for each resource ;it each economic activity for each product class. The imputed prices obtained from the model do not include price components associated with production or processing costs; moreover. they only represent prices associated with transportation costs.
E.\timate~f Class I Price Differc~ntials
The imputed prices associated to the fluid milk processing sector can be used to simulate the Class I price differentials (USDA 1989) . From the dual properties of the network formulation dual properties, it is known that the imputed price solution levels are price offsets with respect to a given imputed price. which is set to zero. Usually this is the imputed price corresponding to the network formulation redundant constraint removed by the LP optimizer. Moreover. the differences among prices remain constant for different solutions.
Class I price differentials were established by the FMMO agreement to ensure the supply of milk f~-om si~rplus areas into deficit al-eas. They include the transportation cost incurred in shipments and a premium over the price of milk with manufacturing destination. Therefore. the model's fluid rnilk imputed prices at the processing sector are equivalent to the Class I price differentials. In order to establish a cornparison in absolute terms between Class 1 prices and imputed prices, imputed prices were shifted towards Class I prices (allowed by the multiple solution property). The imputed price solution was adjusted (translated by a constant, 0) in such a way that the weighted average of its adjusted values with respect to the fluid milk quantities processed was set equal to the 1997 Class I price differential weighted average, 2.59, at 3.5 percent butterfat and average Basic Formula Price (USDA, 1998). The constant used in the translation of the imputed price solution was obtainecl by solving f o r f l where FMProc.ltnpPr, is the associated imputed price of node j specified in term of milk components. In April and September the supply of raw milk in the Southeast reaches the highest and lowest rates respectively. Also. the lowest and highest estimated Class I price differentials are obtained for April and September solutions. respectively. Figures I and 2 show surface maps which depict the estimated Class I price differentials for April and September (Testuri) . State level regions were not included in the surface maps since they represent extremely large aggregations and a low-density grid of input points to support surface interpolation and extrapolation.
The Class 1 price differential difference between September and April is shown in Figure   3 . The figure depicts a difference map with a blue-red tone graduated \tale ranglng from -0.20 to 1.40 with a 0.20 $/cwt. (hundredweight = 100 Ib.) interval and along with contours level features at a 0.10 $/cwt. interval.
The difference among the extreme value months presents an increasing pattern towards and along the Florida peninsula. For instance. it averages a $0.60 and $1.00 difference at the frontline and middle range Southeast region respectively and peaks with $1.40 difference at the Miami area. Also, it shows a smooth $1.10 peak at the New 01-leans domain. The west Arkansas area and the negative difference display should not be considered since they are located at low-density point support areas for the surface generation.
The correlation coefficient of the estimated values of Class I price differential at the milk processing regions between April and September is 0.95, indicating an almost uniform seasonal change for the Southeast region (Tdble 1 ). Most regions show a smooth seasonal pattern with valley and peak at April and Septeniber respectively, on the whole reflecting the fluid milk surplus and the deficit months of the year. The exception is Kinston-NC that follows a near constant trend and other border locations of the Southeast region, including Nashville-TN, which depict a non-smooth seasonal pattern. Moreover, it can be seen that the seasonal pattern increases its amplitude in Florida regions, indicating that the seasonal effect is Inore prominent there.
Florida's regions show the highest values during the year. Their values increase along the peninsula f r o~n Jacksonville through Lakeland to Miami. Birmingham-AL, Atlanta-GA, New Orleans-LA, Jackson-MS, and Sumtcr-SC display a package trend with very close values inside an amplitude range of 0.50 $1 cwt. Finally, Nashville-TN shows the lowest values of the cornpared regions.
Summary and Conclusions
As a capacitated rninimurn cost network flow problem or transshipment problem, the model encompasses the minimum transportation cost of products among market activities that in- clude production. processing, and consumption of milk and milk products. Market supply and demand at production and consuniption sectors respectively were assutned fixecl. Consequently, the market is assiimed to be in ecluilibrium.
The problem was model using a network flow formulation. The United States was divided into 48 state regions. with the eight \outheastern state4 further di\aggregated into counties. Each region in the model i4 treated a\ a [lode in the network model. At each node an endowment is specified which represents either the milk available or the milk products required for consumption. Associated with each endowlnent is an imputed pt-ice that nieasures the change in the objective function or total transportation cost given a per-unit endowment change (duality property). These imputed prices, ~neasuring the transportation cost associated with each activity fot-each location. were used to calculate an estimate of the Class I price differentials for the col-respondi~~g fluid milk processing sector.
Monthly data of production. processing, and consuniption of milk and milk products for each region was estimated for 1997. N o~i -homogeneous nlilk and milk products were related in an equilibrium market by balancing their milk components.
Model estimated Class I price differentials show an increasing concave pattern along the range from the so~ltheast sector towards the Florida peninsula Tor all months of 1997. Also. the estimated differentials maintain an almost constant variation among tnonths; the monthly surtLce maps show similar shape.
A smooth seasonal pattern is estimated across months with the lowest and highest cs- The implication of this research is that the Class I price differentials should be changed from month to month instead of the same dilferential being use throughout the year as is the current practice. The seasonally adjusted price differentials would increase the price during the deficit months and decrease the milk price during the sul-plus months. This would increase the quantity produced during the deticir months and decrease the quantity produced during the surplus months.
